A chemically defined medium (MI0) is described in which cells of Haemophilus influenzae Rd grow rapidly (generation time, 35 4 5 min) and reach a stationary level of 1010 cells/ml. Our strain of cells grown in this medium developed high levels of competence when transferred to another medium designed for that purpose. Conditions governing the total development of competence in this organism have now been defined.
A chemically defined medium (MI0) is described in which cells of Haemophilus influenzae Rd grow rapidly (generation time, 35 4 5 min) and reach a stationary level of 1010 cells/ml. Our strain of cells grown in this medium developed high levels of competence when transferred to another medium designed for that purpose. Conditions governing the total development of competence in this organism have now been defined.
The nature of competence in Haemophilus influenzae, the capacity to take up deoxyribonucleic acid (DNA) from the surrounding medium, has remained obscure, partly as a consequence of reliance on ill-defined commercially prepared tissue infusions as media. In such media, the critical components were neither known nor under the investigator's control. Chemically defined media to replace the commercial preparations became an intermediate goal in our study of competence.
Competence develops in H. influenzae in two stages (4) . Stage I, the growth phase, has specific nutritional requirements and will be the subject of the present paper. The cells are not competent as they complete stage I, but become competent during stage II, which takes place in a nongrowth medium and is the subject of a separate paper (5) .
Defined media for the growth of H. influenzae were described by Talmadge and Herriott (11), Butler (2), Holt (6) , and Wolin (12) , but cells grown in these media failed to develop significant levels of competence, even when placed in a favorable medium (Brain Heart Infusion) for stage II development. Ranhand and Herriott (7) reported that purine nucleosides (inosine) and lactate or pyruvate were needed in growth media if the cells were later, in stage II, to develop high levels of competence.
In this paper, a new defined medium (MI¢) is described which supports rapid growth of H.
influenzae, producing cells which are capable of reaching high levels of competence. Rapid growth medium MI.. It was convenient to make up the components of this medium first in a series of concentrated sterile stock solutions and then to dilute them as needed. The composition of the stock solutions will be described first; then details of the preparation of the medium for growing the bacteria will be given.
MATERIALS AND METHODS
Stock solution 1 has the following composition: distilled water, 800 ml; aspartic acid, 5.0 g; glutamic acid, 13.0 g; NaCI, 58.0 g; K2SO4, 10 For preparation of 100 ml of medium MI., 20 mg of L-cystine is dissolved in 1 ml of 1 N HCI, and 49 ml of sterile distilled water is added. Then stock solutions 1-4 are added in order, in the following amounts: stock 1, 10 ml; stock 2 (mixture of equal parts of 2a, 2b, and 2c), 6 ml; stock 3, 2 ml; stock 4, 5 ml. After these additions, 2.6 ml of 1 N NaOH and 3.4 ml of water are added to bring the volume to 79 ml. The remaining stock solutions are then added in order, as follows: stock 5, 20 ml; stock 6, 1 ml; stock 7, 0.4 ml of a 1:10 dilution of the stock solution. The pH of the final mixture should be close to 7.0. Combining the stocks still further may be possible under special circumstances, but in our experience this led to other difficulties.
RESULTS

Growth
Should it become necessary to filter MI, through a 0.22-,um membrane filter, another portion of stock 6 containing hemin should be added to the filtrate, because it is largely removed by these filters.
This medium has been satisfactory when stored for 1 month at refrigerator temperatures. Lyophilized preparations of MI0 were fully effective when sterile water was added, and the cells grown therein became competent when put through the stage II development (5).
Growth medium MIL-Cit. Citrulline can replace both arginine and uracil of MIl. This capacity is particularly useful when it is necessary to introduce thymidine (3) or 5-bromodeoxyuridine into the cells. In such cases, the uracil in stock 4 is replaced with 0.3 g of L-citrulline and the arginine is not included in stock 2. Otherwise, the volumes and constituents are the same. When citrulline is used, the medium will be designated MI-Cit. Growth rate in MI0. H. influenzae has a generation time of about 30 min in Difco Heart Infusion or Brain Heart Infusion. In MI0, the generation time is also short if the medium is rapidly aerated. The rate of growth is a function of the aeration, which is related to the depth of the liquid medium and to the rate of agitation. Quantitation is empirical; thus, the growth of 3 ml in 22-mm diameter test tubes, 5 ml in 25-mm test tubes, and 25 to 35 ml in 500-ml flasks, all rotated at Growth of H. influenzae (Fig. 1) follows an exponential course up to 2 X 109 to 3 X 109/ml.
The cultures frequently reach a final level of 1.2 X 1010 cells per ml, a density as high or higher than the level reached in either Heart Infusion or Brain Heart Infusion. The results in Fig. 1 also reveal that the viability of cells reaching the stationary phase of growth begins to decrease when aeration at 37 C is continued.
For reasons that are not completely understood, cultures grown from an initial inoculum of 106 cells/ml did not reach the high stationaryphase levels of 1010/ml reached by those begun at 108/mi. (8) and by Sicard (9) , and for Streptococci by Leonard , Corley, and Cole (6a).
H. influenzae has a number of specific nutritional requirements for growth which permit unusual control of the transformability of this organism. Growth is reduced by omission of any of several essential components. Many functions continue, while others are sharply reduced. This fact makes it possible to separate competence development from cell growth (10) .
The requirements for growth include arginine or citrulline; ornithine cannot be substituted for VOL. 101,1 1970 HERRIOU ET AL.
them. NAD and pantothenate are also specific requirements, as is heme or hemin. It has been reported (1) that hemin is necessary only for aerobic growth, and we did obtain good growth in Brain Heart Agar (Difco) in tubes, adding NAD but no hemin. However, we did not obtain growth through repeated subculturing in MI. when hemin was not present. Glutamic acid, cystine and tyrosine can be replaced, although they seem to be more effective than other amino acids. As noted earlier, inosine or other purine nucleosides and lactate or pyruvate must be present during growth of H. influenzae (7) 
